Advanced writing skills are an important aspect of academic performance as well as subsequent work-related performance. However, American students rarely attain advanced scores on assessments of writing skills (National Assessment of Educational Progress, 2002). In order to achieve higher levels of writing performance, the working memory demands of writing processes should be reduced so that executive attention is free to coordinate interactions among them. This can in theory be achieved through deliberate practice that trains writers to develop executive control through repeated opportunities to write and through timely and relevant feedback. Automated essay scoring software may offer a way to alleviate the intensive grading demands placed on instructors and, thereby, substantially increase the amount of writing practice that students receive.
the limitations of working memory (McCutchen, 1996) . One must have the capacity to maintain multiple representations and control interactions among planning, generation, and reviewing in order to write well.
Cognitive science has focused more on numeracy and the reading side of literacy in comparison with writing (Levy, 1997) . Even so, several findings have implications for the design of writing instruction as noted in previous reviews of the literature (Hayes & Flower, 1986; Rijlaarsdam et al., 2005) . Our focus here is on a principle found useful in training complex skills but relatively overlooked to date in the field of written composition. Deliberate practice has been proven highly effective in training performance on related tasks, such as typing (one motor output for writing), chess (another planning intensive task) and music (another creative production task). The very best violinists, for example, have accumulated more than 10,000 hours in solitary practice, whereas lesser experts (7,500 hours), least accomplished experts (5,000 hours) and amateurs (1,500 hours) have devoted proportionally less time to self-improvement (Ericsson, Krampe, & Tesch-Römer, 1993) . We suggest that deliberate practice theoretically offers a too little exploited means to attain the working memory control required in writing.
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In what follows, we briefly review some facts on the importance of cognitive control in writing skill. Second, we present the elements of deliberate practice in the training of college-level writers and evidence of their importance. Third, we discuss difficulties in implementing deliberate practice in writing instruction.
Cognitive Control in Writing
Composing an extended text appears to require the self-regulation of planning, text generation, and reviewing through meta-cognitive control of these processes (Graham & Harris, 2000; Zimmerman & Risemberg, 1997) . All three basic processes require executive attention in addition to maintaining representations in the verbal, visual, and spatial stores of working memory (Kellogg, Piolat, & Olive, in press ). Mature writing requires numerous transitions among planning, generation, and reviewing (Hayes & Flower, 1980; Levy & Ransdell, 1995) , as the author attempts to solve the content problem of what to say and the rhetorical problem of how to say it (Bereiter & Scardamalia, 1987; Scardamalia & Bereiter, 1991) . Three facts indicate that selfregulatory control of written production depends having adequate working memory resources.
First, measures of working memory capacity correlate with writing performance (Ransdell & Levy, 1996) . This is but one instance of a wide range of complex cognitive tasks, including tests of fluid intelligence, that are uniquely predicted by one's ability to control processing through executive attention (Engle, Tuholski, Laughlin, & Conway, 1999) . Neuroimaging of the frontal lobe regions linked to executive attention in working memory also reveal greater activation in individuals with high fluid g than in those with low fluid g (Duncan et al., 2000) . Converging experimental results show that distracting Writing Skills 6 executive attention with a concurrent task disrupts both the quality and fluency of text composition (Ransdell, Levy, & Kellogg, 2002) Second, children's fluency in generating written text is limited until they master the mechanical skills of handwriting and spelling (McCutchen, 1996) . Learning the mechanics of writing to a point of automaticity during primary school years frees the components of working memory for planning, generating, and reviewing (Graham, Berninger, Abbot, & Whitaker, 1997) . Mastery of handwriting and spelling is also a necessary condition for writers to begin to develop the control of cognition, emotion, and behavior that is needed to sustain the production of texts (Graham & Harris, 2000) .
Third, advancement to the use of writing as a means of thinking, as well as language production, emerges only after a decade or so of writing experience. In late adolescence and young adulthood, writers move beyond merely telling the reader what the author knows (Bereiter & Scardamalia, 1987) Such knowledge transforming requires concurrent representations in working memory of the author's ideas and the text's meaning (Traxler & Gernsbacher, 1992) . It also requires the coordination of complex interactions among planning, generating, and reviewing. As McCutchen (1996) documented in her review of the literature, each of Writing Skills 7 these basic processes is constrained by working memory limitations. The number of processes that a writer can coordinate at once and their qualitative nature are dependent on attaining sufficient fluency with each process. Writers appear to never move beyond knowledge telling in the absence of sufficient mastery of and cognitive control over planning, generation, and reviewing.
Several factors no doubt underlie the development of cognitive control in writing.
These include (1) the maturation of working memory throughout adolescence (Sowell, Thompson, Holmes, Jernigan, & Toga, 1999) , (2) learning strategies for pre-writing, drafting, and revision that manage the demands of composition (Fayol, 1999) , and (3) rapid retrieval of domain-specific knowledge from long-term memory when needed during composition, thus avoiding the need for transient storage in short-term working memory (Kellogg, 2001; McCutchen, 2000) . However, the use of deliberate practice to reduce directly the working memory demands of each writing process offers an obvious and potentially valuable alternative that has yet to be fully realized in writing education.
Deliberate Practice
In our view, we must train college-level writers rather than merely instruct them.
Knowledge of correct spelling, punctuation, grammar, diction, thesis statements, topic sentences and cohesive links within a paragraph, and global organization of texts are necessary but not sufficient for effective writing. Writers, just like musicians and athletes, must be trained so that what they know is retrieved and creatively applied during composition (Kellogg, 1994) . Effective use of knowledge will require that college students deliberately practice the craft of writing extended texts, in English composition Writing Skills 8 courses and across the curriculum in all subjects. Without training to use what they know, their knowledge too often remains inert during composition.
A central factor in the development of expert performance across a wide range of both physical and cognitive task domains is the use of deliberate practice (Ericsson, 2006) . For written composition, such practice could in theory reduce the intense working memory demands of planning, generating, and reviewing, thus freeing limited capacity for controlling and monitoring these operations. The effect of deliberate practice is not simply to automate a skill, but rather to enable its regulation to achieve superior performance (Zimmerman, 2006) . This method of skill development involves (1) effortful exertion to improve performance, (2) intrinsic motivation to engage in the task, (3) practice tasks that are within reach of the individual's current level of ability, (4) feedback that provides knowledge of results, and (5) high levels of repetition over a period of several years.
Intrinsic motivation and evidence of high levels of repetition can be found in the reports of successful novelists. The prolific novelist, Stephen King (2000) , reported that when he is working on a book, he writes 2000 words per day, everyday of the year, including his birthday, Christmas, and the Fourth of July. Joyce Carol Oates deliberately practiced as a college student by writing a novel in longhand, then turning the pages over, writing another novel on the flipside. Both novels would then be tossed in the trash.
Since high school she began "consciously training myself by writing novel after novel and always throwing them out when I completed them" (Plimpton, 1989; p. 378) .
Norman Mailer (2002) also credited his eventual success as a writer to self-motivated practice. "I think from the time I was seventeen, I had no larger desire in life than to be a Writing Skills 9 writer, and I wrote...I learned to write by writing. As I once calculated, I must have written more than a half a million words before I came to The Naked and the Dead..." (pp. 13-14) .
According to the 10-year rule, it requires at least a decade of deliberate practice to become an expert in a given domain of skill (Ericsson et al., 1993) and this holds for written composition (Kellogg, 2006 ). An early study of scientists and authors showed that they achieved their best work in their mid-thirties, approximately a decade after their first work published around the age of 25 (Raskin, 1936) . Wishbow (1988) examined the biographies of 66 poets listed in the Norton Anthology of Poetry, locating their approximate starting date for reading and writing poetry. For 83% of the sample, the earliest work to appear in Norton's came 10 years after this date or later. Both poets and fiction writers developed mechanics and cognitive writing skills for 15-20 years before first publishing (Kaufman & Gentile, 2002) . Childhood story writing was so commonly mentioned in Henry's (2000; p. 37) ethnographies that "people who were attracted to writing after childhood may even refer to themselves as 'late bloomers'."
Practice can markedly improve college student writing when it is done in the context of a professionally relevant task domain that motivates efforts to learn. Johnstone, Ashbaugh, and Warfield (2002) found that superior writing skills correlated reliably with the degree of repeated practice and, controlling for practice, with writing in the professionally relevant domain of greatest interest to the student. Accounting students who took two business writing intensive courses in their junior year (1 year of practice) and two more in their senior year (2 years of practice) gained significantly in their writing skills in comparison with an assessment taken at the end of their sophomore year (see Writing Skills 10 Figure 1 ). By sharp contrast, the control group of students in other majors who did not take the writing intensive courses in their field slightly declined in performance from their sophomore to their senior year. The writing assignments in the treatment group were designed to challenge the students by requiring that they write as accounting professionals for a professional audience. The feedback that students received was consistent and thorough, including grading of grammatical conventions, organization, professionalism of presentation, technical accuracy of the accounting, and the quality of the analysis.
Deliberate practice would seem to lie at the core of the most effective educational interventions, judging from a meta-analysis conducted by Hillocks (1986; . He characterized the Environmental Mode of instruction in terms of several features consistent with deliberate practice. For example, such interventions require students to practice writing by assigning projects with clear objectives and well-structured problems.
They use peer group responses to a student's writing as a means to provide both relatively rapid feedback and a realistic context that engages and motivates the student to succeed. The Environmental mode actively trains students in how to solve content and rhetorical problems, guides them to performance levels beyond what they could achieve on their own, and engages them in writing tasks instead of listening to lectures. Hillocks' meta-analysis showed that the effect size of instruction in the Environmental Mode is more than four times larger than instruction in a Presentational Mode (traditional lectures, teacher presentations and drills). Astin (1993) measured self-reported gains in writing and other cognitive skills across the freshman to senior year in college. Aside from GPA and hours spent studying, Writing Skills 11 the two strongest partial correlations with writing skill improvement were the number of writing-skills classes taken (partial Beta = .31) and the amount of feedback given by instructors (partial Beta = .12).
Problems with Practice
We contend that deliberate practice should lie at the heart of writing education.
This suggestion raises two important design problems, however. We conclude with a brief look at the issue of how to distribute practice over time and the difficulties of providing timely and useful feedback.
Spaced Practice
Spacing practice instead of blocking it into long sessions is essential for two reasons. First, appropriately distributed practice is a desirable learning difficulty that promotes long-term retention and transfer of skills (Schmidt & Bjork, 1992) . A good example comes from primary education in teaching handwriting. Traditionally, elementary school students first write the letter A numerous times and then move to the letter B and so on. Ste-Marie, Clark, Findlay, and Latimer (2004) found that letter repetitions performed in a random order greatly benefited the speed of later producing words in handwriting compared with the traditional blocked order. Because handwriting must first be mastered before executive attention can be allocated to higher order writing skills, the adoption of a spaced practice regimen in primary instruction would seem crucial.
Second, writing in marathon sessions is a kind of blocked practice that students and perhaps even some of their professors use to meet deadlines. Such writing binges can cause anxiety, exhaustion, and writer's block (Boice, 1985; . Professional writers Writing Skills 12 typically compose on a consistent schedule of a few hours per day at most (Kellogg, 2006) . Such habits keep them in practice on an appropriately distributed schedule and prevent the negative consequences of excessively long writing sessions. Students should be explicitly trained to follow a distributed practice, as do professionals, to avoid exhaustion and sustain motivation. Self-recording of the time spent writing and the number of words generated in each session would be an effective way for the student and instructor to monitor progress (Zimmerman, 2006) . Setting and achieving goals help to build the student's motivation to improve. Such training ought to especially benefit students who are highly apprehensive about their writing abilities and hold low expectations for success (Daly, 1985) .
Timely and Useful Feedback
Deliberate practice requires that students be provided with knowledge of the results of their work. Such feedback is recognized as a powerful learning aid (see Metcalfe & Kornell, this issue) , but it poses special problems in the context of grading written texts. Although there are probably many reasons why more writing is not routinely assigned, the time and effort required by instructors to provide useful feedback surely ranks high on the list. Holistic grading can be done faster than analytic grading that evaluates different features of the text, such as mechanics, coherence, and content (Huot, 1990 ). Yet, even holistic grading can be excessively time-consuming in large classes. The Center for Survey Research (2002) found that 95% of high-school history teachers view writing a research term paper as important, but only 19% assign a paper of more than 5,000 words because it takes too long to grade them. At research universities, grading of undergraduate writing is both laborious and too little rewarded by administrations that Writing Skills 13 emphasize faculty publication and mentoring of graduate students. Perhaps the hard, unrewarded work of grading partly explains why writing across the curriculum programs and writing intensive courses reached their peak popularity about 20 years ago and have since been in decline at American universities (Bok, 2006 ).
An innovative contribution of cognitive science to boosting the amount of writing assigned and the timeliness of feedback is the recent development of automated essay scoring. Shermis and Burstein (2003) reviewed several computer-based scoring and feedback methods derived from cognitive psychology and computational linguistics.
Students not only need far more opportunities to write, both in assigned papers and on tests. They also could benefit from the immediate knowledge of results that only software can provide. Computer-based feedback on preliminary drafts could motivate students to improve their scores before turning in the papers for feedback from peers or instructors.
Early efforts at automatic scoring of objective text features relied on the readability formulas and tabulation of problems with spelling, grammar, and vocabulary (Macdonald, Frase, Ginrich, & Keenan, 1982) . They were limited in providing feedback regarding more complex, higher level features of writing quality, however. The promise of current software stems from success in the immediate scoring of essays in a way that parallels human graders. For example, the Educational Testing Service developed the erater system using text characteristics specified in holistic scoring guides for the Graduate Management Admissions Test (GMAT). The output of e-rater shows 87%-94% agreement with expert graders, a level similar to that of two well-trained human evaluators (Burstein, 2003) . As another example, the Intelligent Essay Assessor uses latent semantic analysis to provide a holistic essay score that correlated .81 with a human grader averaged across many essays (Landauer, Laham, & Foltz, 2003) . This was comparable to the correlation between two human raters (.83).
Some scholars in the field of college composition have strongly objected to the validity of automated essay scoring (Ericsson & Haswell, 2006) . Weighing their objections against the potential benefits is beyond our scope, but it should be noted that the reliability of human essay scoring is problematic, too. Human evaluators must be extensively trained to reach adequately high levels of inter-rater reliability. Fatigue, mood, and motivation add variability to the outcome in ways that are hard to control (Freedman & Calfee, 1983 ).
We are not suggesting here that feedback must be provided for every assignment written or that computer-based feedback can entirely substitute for feedback from human peers and instructors. Conceivably, intermittent feedback might serve as a desirable learning difficulty that harms acquisition performance but benefits long-term learning of writing skills (Schmidt & Bjork, 1992) . Moreover, a variety of feedback sources might be most useful to provide both correction of errors and encouragement to practice and improve. Still, automated essay scoring offers the potential to increase markedly the amount of writing assigned to students and the speed of receiving feedback.
Conclusion
Deliberate practice, we suggest, should be a fundamental principle that guides the instruction and training of student writers. As with the acquisition of other complex physical and cognitive skills, acquiring expertise in the writing of extended texts takes many years of deliberate practice. Presumably, such practice helps writers to gain cognitive control over text production by reducing the individual working memory Writing Skills 15 demands of planning ideas, text generation, and reviewing ideas and text. A writer's ability to use their linguistic and domain-specific knowledge in composing a text, solving the content and rhetorical problems it poses, depends on achieving such control.
That only 2% of high school seniors achieve an advanced score on the NAEP test of writing skill may be at least in part a consequence of insufficient or poorly designed practice. Research is needed in our view on the best ways to implement deliberate practice in educational interventions, including application of the spacing effect and advances in automated essay scoring. Such applied cognitive research has the potential for making significant improvements in writing education. 
